Abstract. This paper presents the comparison of positioning control between conventional PID controller and fuzzy PID controller. The controllers are applying into the ball screw system driven by DC motor to observe and analyze the change of the positioning output responses. The DC motor is used because it is easy to setup and control, has precise rotation and most importantly is low cost. As for ball screw mechanism itself, has smooth motion, not easy to wear out and high mechanical efficiency. The problem is arise when the used of conventional PID controller in the ball screw system driven by DC motor shows less adaptability to the changes of system parameter. Therefore, the objective of this project is to design an adaptive fuzzy PID controller to overcome the limitation of conventional PID controller. The performances between the conventional PID controller and fuzzy PID controller will be compared in order to validate the robustness of the fuzzy PID controller. So this project is to compare the robustness of two proposed controllers by comparing the results of ball screw table position when the parameter mass of load is set to vary. The experiment is started with designing the algorithms of fuzzy PID control and conventional PID controller, then the designed algorithm is applied onto the experimental that has been setup. The performances especially the transient response and steady state error between the controllers will be collected and compared by conducting the point to point positioning, tracking and variation of load weight experiments.
Introduction
Positioning control nowadays are very importance in many industrial application and many approach have been exhibit its own characteristic of performance such as the fast transient performance, very small error occur and high stability. Adaptability of the positioning control is one of the requirements to achieve the robustness of the controller besides considering the better transient performance, low steady state error and stability of the system. The problem arise when certain parameter of ball screw system is changing such as motor load inertia is changing due to high non-linear characteristic of the ball screw system, the conventional PID controller cannot adapt to the changes of system parameter that occur on the ball screw system. Therefore, a fuzzy logic controller is proposing to improve the conventional PID controller by improving the adaption of the PID controller to the changes of system parameter. There are many type of fuzzy PID controller that proposes by many researchers. Especially the Fuzzy P controller, Fuzzy PI+PD controller, Fuzzy PI controller, Fuzzy PD controller and Fuzzy Gain Scheduling (FGS) PID controller [1, 2] . The performances of each fuzzy PID controller in previous research are depending on the suitability of controller to the system model itself [3] . Another controller that proposes beside the PID controller is fuzzy PID controller. By applying the fuzzy PID controller, it is expected that the under variation of load mass, the good performance of the system will be maintain unlike the conventional PID controller.
Mathematical Modelling
There are consisting of electrical part and mechanical part of ball screw system. To derive the mathematical modeling, the equation of motion is obtained from the loop equation of the Laplace transformed armature circuit [4, 5] :
Where , , and represents the armature resistance and armature inductance, armature voltage, armature current and back electromotive force voltage proportional to angular speed: =
and represents as back EMF constant and angular displacement. Torque developed by the motor proportional to the armature current:
is the motor torque constant. Torque developed equivalent mechanical load:
, , and represents as inertia of motor and load, viscous damping coefficient, force exert on the table and radius of ball screw shaft. The torque is initially generated by motor, T(s) in the direction of θ(s). The angular displacement to linear displacement:
where the is ball screw pitch. The force applies on the table load:
Therefore the final transfer function was derived into the equation below:
Design of the Controller
The procedure in designing the fuzzy PID controller consists of two step which are designing fuzzy inference system. First is creating Mamdani approach and Sugeno approach of fuzzy inference system. Then set error and integrated error as two inputs and one output for each Mamdani and Sugeno approach. After that, the 3 triangular membership function for both inputs and 3 triangular membership function output for Mamdani approach and 3 constants output for Sugeno approach is created. The setting rule for Mamdani approach is as folows: IF error is negative AND integrated error is negative THEN Kp&Kd is negative. IF error is zero AND integrated error is zero THEN Kp&Kd is zero. IF error is positive AND integrated error is positive THEN Kp&Kd is positive. Then, the setting rule for Sugeno approach as follow: IF error is negative AND integrated error is positive THEN Ki is negative. IF error is zero AND integrated error is zero THEN Ki is zero. IF error is positive AND integrated error is negative THEN Ki is positive. In second step is to apply the fuzzy inference system into the fuzzy block in Simulink. Add the Kp and Kd gains after the fuzzy block with Mamdani approach. Add Ki gain after the fuzzy block with Sugeno approach. Tune the Kp, Ki and Kd gains until better displacement output response is obtain. Run the experiment in point to point positioning and load weight variation experiment.
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Experimental Analysis
The point to point experiment was done to compare the adaptability of the fuzzy PID controller and PID controller at different heights of step input. By using trial and error tuning method, the best performances of PID gains for both controller at height of step inputs of 10 mm is fuzzy PID controller are Kp=25, Kd=2.6 and Ki =13.5 and PID controller are Kp=6.5, Kd=0.4 and Ki=30 as shown in Fig. 1a and Fig. 2a . The Fig. 1b shows the small change of error in fuzzy PID controller compare to PID controller in Fig. 2b . In Table 1 clearly shows that the fuzzy PID has better adaptability due to small change in error than the PID controller. Fig. 1 The displacement output response for system with fuzzy PID controller when heights of step input are (a) 10 mm and (b) 50 mm. In the experiment of variation of load weight in tracking was done due to significant results compare to the experiment of variation of load weight in point to point positioning. The input sine wave is used with frequency of 3 rad/s and amplitude of 50 mm at different weight of load to 1000 g and 3000 g. The positioning performances shown in Fig. 3 that the fuzzy PID controller is able maintain the amplitude of maximum peak errors around 30 mm in both Fig. 3a and Fig. 3b compare to the PID controller in Fig. 4 show the maximum peak errors are 27 mm in Fig. 4a and 43 mm in Fig. 4b at different weight of loads as shown in Table 2 . Besides that, the average maximum peak error and standard deviation for PID controller is higher than the fuzzy PID controller when the weight of loads is increase to 1000 g and 3000 g as shown in Table 3 . Fig. 3 The displacement and error output response for system with fuzzy PID controller when the sine wave input is amplitude 50 mm with frequency of 3 rad/s and the weight of load is increase to (a) 1000 g and (b) 3000 g. Conclusion By comparing the fuzzy PID controller and conventional PID controller, the fuzzy PID controller can perform adaption to the parameter changes when amplitude of step inputs change and under load weight variation compare to conventional PID controller. Although the fuzzy PID controller shows slower responses and higher error compare to PID controller but due to fuzzy PID controller can maintain good performance in parameter changes, the average of error and standard deviation are smaller than the PID controller. 
